This review covers aspects of putting essential oil compounds to use either as allelochemicals that manipulate the host selection process of Thysanopteran pest species or as botanical insecticides that kill these pests. Thysanoptera (thrips) make an especially interesting case study in this field, because their increasing economic impact puts some urgency on the development of novel control strategies, especially strategies that incorporate natural compounds. Known facts about the host selection behaviour of thrips are briefly summarized, and methods for the evaluation of thrips responses to volatile and non-volatile plant compounds are outlined. Recent results on the search for attractive and repellent volatiles and for feeding and/or oviposition deterrent essential oil compounds are listed in detail and their potential for use in control strategies against thrips pests is discussed. An overview of plant essential oils used either for insecticidal spraying treatments of crops or for fumigation of crops in greenhouses or fumigation chambers completes the picture of bioactivities. Finally, an outlook on the perspectives for future control strategies against thrips pests is given, including thoughts on the direction of further research needed to fully evaluate the thrips control potential of plant essential oils.
Among the vast multitude of plant species, aromatic plants are valued for the essential oils they produce. The ecological functions of essential oils are manifold, and particularly in insect-plant interactions they play an important role. While many insects use volatile constituents of essential oils for finding suitable host plants, plants defend themselves against herbivores by producing repellent, deterrent and/or toxic plant compounds [1, 2] . Utilising plant essential oils in the management of insect pests is widely regarded as having considerable potential: Future applications as allelochemicals that either modify pest behaviour or as botanicals that kill pests or reduce their fitness [3] could lead the way to control methods that are more in line with the current ecological demands than conventional pesticides. Among the 5500 currently described Thysanopteran (thrips) species within the two sub-orders Terebrantia and Tubulifera only about 1% is recorded as economically important pests [4] , these being mainly in the family Thripidae (Terebrantia). However, thrips pests have become a major world-wide problem in agriculture and horticulture. The steady increase in the international trade of fruits, vegetables and ornamentals has sped up the spread of extremely invasive and polyphagous species such as Frankliniella occidentalis Pergande, the western flower thrips, and the melon thrips Thrips palmi Karny [5] [6] [7] . Economic damage is caused by feeding on plant tissues and by transmission of plant viruses [5] . A comprehensive description of the wide range of different damage symptoms on various host plants is given by Childers [8] .
Thrips make a particularly interesting case study for insect pest management because of their minute size, their secretive habits [5] , and their high reproductive capability [9] . Conventional thrips control largely depends on repeated applications of synthetic insecticides, increasingly confronting producers with the development of resistance, in for example, F. occidentalis [10] . At present, no truly selective insecticides against thrips are available for integration into existing integrated pest management (IPM) systems. Some products that are at least partly effective against resistant thrips have proven disruptive to biological control programs using arthropod predators and parasitoids [11] . However, in protected crops several programmes make successful use of natural enemies [11, 12] .
The present review aims at giving an overview of those essential oils and their pure compounds that have specific biological activity on Thysanopteran pest species and approaches to their potential application in future pest management strategies.
Plant volatiles attract thrips
Like many insects, Thysanoptera use vision and olfaction to orient towards host plants. While colour serves as an important visual cue, evidence for the use of floral volatiles and other plant odours in host location has been found in numerous studies about the chemical ecology of thrips.
Depending on their degree of specialization, thrips´ host plant preferences and even preferences for specific plant parts vary strongly from species to species: For instance, the generalist flowerinhabiting thrips species F. occidentalis is attracted to many different flowers, ranging from sweet pepper Capiscum annuum L. [13] and meadowsweet Filipendula ulmaria Maxim.
[14] to yellow pot chrysanthemum Dendranthema x grandiflorum [15, 16] and white gardenia Gardenia augusta L. [17] flowers. In contrast, the cereal thrips species
Limothrips cerealium Haliday and Haplothrips aculeatus Fabricius are strongly attracted by the odour of spikelets of cereals, which are those plant parts they preferably live in, but not by the odours of whole plants or leaf sheaths [18] . Volatile aroma compounds, of which plant essential oils are composed, work as olfactory attractants to thrips when they elicit directed movements towards an odour source [19] , i.e. the plant. In olfactory attraction, odour concentration seems to play an important role: Although roses are preferred host plants of F. occidentalis, in laboratory bioassays the thrips were repelled by concentrated rose odours [20] and by pure p-anisaldehyde, a well-known attractant to F. occidentalis at lower concentrations [21] . Attractive volatile compounds may have a repellent action at close range [22] , a phenomenon recognised with kairomones that originally had a function as allomones [1] .
Researching thrips attractants
For obvious reasons, the search for olfactory attractants has mostly concentrated on thrips responses to odours of their host plants. Different kinds of basic material, such as whole intact plants, excised plant parts and plant extracts have been screened. Methods employed to that end included, among others, techniques of air entrainment and headspace analysis [for example, 23, 24] or coupled gas chromatography and mass spectrometry (GC-MS) [25] for identification of single components. An efficient method for detecting compounds that provoke olfactory responses in thrips is gas chromatography (GC) coupled with electroantennography (EAG): Preparations of thrips antennal receptors react to stimulating compounds by producing electrical signals, which are recorded as electroantennograms. The active compounds are again identified by means of GC-MS [26] . Using this method, volatiles from chrysanthemum (Dendranthema x grandiflora), a highly preferred host plant of F. occidentalis, were collected and (E)-β-farnesene was identified as the active compound that attracts thrips particularly to chrysanthemum buds [27] . Note that electrophysiological responses of an insect to a compound do not indicate attraction or repellency: The behavioural role of an active compound has to be evaluated in appropriate bioassays [26] .
Thrips responses to short range olfactory stimuli emanating from either basic plant material or pure chemical compounds were also tested in various olfactometer set-ups [for example, 13, 14, 21, 28] , flight chambers or wind tunnels [14, 16, 17, [30] [31] [32] in the laboratory. Responses of flying thrips to volatile compounds at longer ranges were examined in greenhouse and/or field experiments, trials also needed for confirming laboratory findings on attractants. Most of them are simple bioassays comparing trap catches from paired or unpaired coloured or uncoloured water or sticky traps that are unbaited or baited with an odour [for example, [33] [34] [35] [36] [37] [38] .
Essential oils attractive to thrips
Research using varying combinations of the analytical methods and bioassays described above resulted in the detection of several potent thrips attractants. The attractiveness of Verbena x hybrida flowers to the western flower thrips, F. occidentalis, could be attributed specifically to (3S,6S)-tetrahydro-2,2,6-trimethyl-6-vinyl-2Hpyran-3-ol, a diastereo-isomer of linalool oxide [23, 39] , and the same thrips species proved to be attracted to Filipendula ulmaria Maxim. flowers [14] , presumably because their floral odour contains 1,8-cineole (eucalyptol) [24] . In some cases, thrips responses to phytochemicals were observed rather by chance: In trapping experiments with beetles it was noticed that the traps baited with methyl anthranilate attracted thrips [40] . Subsequent studies proved this compound, which commonly occurs in floral scents [41] , to be a potent attractant to the flower-inhabiting thrips species Thrips hawaiiensis (Morgan), T. coloratus Schmutz [36, 40] , T. flavus Schrank and Megalurothrips distalis (Karny). Interestingly, the attractiveness of related compounds, namely positional isomers and functional-group-substituted compounds, varied between thrips species, and none of them proved to be more efficient than methyl anthranilate [40] . Another field observation showed that Thrips obscuratus (Crawford), the New Zealand flower thrips, is strongly attracted to ripe peaches, which led to the identification of ethyl nicotinate as a thrips attractant [33, 35] . Although ethyl nicotinate rarely occurs in plant odours [for example , 42] , it was also found to elicit positive responses to other thrips species, such as F. occidentalis [21, 31, 35, 43] , Thrips tabaci (Lindeman) [35, 43] and L. cerealium [35] . Recently, an extensive screening program for thrips lures investigated structural and/or aroma analogies -mainly pyridine and benzene derivatives of ethyl nicotinate and other known thrips attractants.
Two conclusions may be drawn from these studies: first, structurally similar compounds can vary significantly in their attractiveness to a thrips species. Traps baited with ethyl isonicotinate caught even more T. tabaci individuals compared to the known lure ethyl nicotinate [37, 38] . Similarly, methyl isonicotinate and ethyl isonicotinate were more attractive to F. occidentalis than ethyl nicotinate [44] . The isomers of p-anisaldehyde were expected to be equally attractive, but clear attraction was found only with o-anisaldehyde but not with m-anisaldehyde [21] . Secondly, the finding that the greatest increase in capture with ethyl nicotinate was for T. obscuratus, but not for T. tabaci [37, 38] is further evidence that thrips respond to odours is speciesspecific [16, 36, 40, 45] .
Most of the currently known pure compounds that attract thrips have been screened either because they were already known to attract other insects or they were selected randomly for biological testing. The search began almost a century ago: First experiments in 1912 and observations by Howlett [46] already indicated significant attraction of several aldehydes to thrips. Since then, several plant volatiles, mainly monoterpenes and phenylpropanoids have been confirmed to attract clearly one or more thrips species. Table 1 presents a compilation of all chemicals that have been found to elicit a significant positive response of a Thysanopteran species, irrespective of experimental set-up (laboratory, greenhouse or field experiment) or concentration. As mentioned above, odour concentration is critical for attraction. In laboratory bioassay some compounds were found to be attractive only at specific concentrations, whereas others proved effective at considerably broader concentration ranges [for example, 18, 21, 24, 27] . Fluctuations in odour concentration may well be a main reason why laboratory results are difficult to correlate with results obtained in greenhouse trials and in the field. While factors like temperature and/or humidity cause variations in release rates, even with the same odour release systems used [31] , using different release methods inevitably results in different diffusion rates. This might explain a good deal of the observed discrepancies in the attractiveness of volatiles in different environments.
Using attractants for thrips trapping
Thrips are minute insects that live hidden in plant parts and their presence in a crop is missed easily. This makes monitoring by setting coloured sticky traps an important tool in thrips pest management. Most economically relevant species are visually attracted to white, yellow and blue traps [for example , 47,57] . Trap efficiency could be enhanced by combining an attractive colour cue with an attractive odour cue, particularly for early detection of thrips infestation in a crop [31, 35] , and for thrips trapping in low-wind environments, such as greenhouses [36] . Numerous studies have tried to improve trap catches in this way, but depending on the combination of thrips species, type of trap, colour, scent, dispenser, crop and location (field or greenhouse), the catch results varied markedly [for example, 31, 35] .
Blending two or more attractive compounds to increase their attractiveness would seem an obvious step towards trap efficiency improvement. However, blends of two structurally distinct attractants, panisaldehyde and methyl isonicotinate did not result in a higher number of T. tabaci caught compared to catches in traps baited with either compound alone [52] . The authors of the study suggested that T. tabaci has only one odour receptor that reacts to both chemicals used in this trial. Another explanation is that single compounds in a blend or mixture -or even in an essential oil -may mask each other. This may explain why F. occidentalis was not attracted to essential oils of its preferred host plants, geranium and rose. The presence of other odour compounds in the essential oils might have suppressed the effects of the attractants in these oils [21] . Such masking effects have been reported also for aphids [58] and beetles [59, 60] . As this might not apply to other combinations of attractants, even additive or synergistic effects of odour blends conceivably deserve further investigation [61] .
Scent-baited traps have been considered not only for monitoring of thrips populations, but also as either a sole or a contributory control measure. The combination of blue sticky traps with the floral scent nerol has been evaluated for mass trapping of F. occidentalis in greenhouse cucumber, but proved to be effective only at low thrips densities during the autumn/winter growing period [62] . Other applications of attractants not yet fully tested in thrips pest management are "attract and kill" and "attract and infect" strategies. Thrips are lured into specific traps where they make contact with, for instance, a contact insecticide or spores of an entomopathogenic fungus.
Recently, innovative push-pull pest management strategies have drawn attention, possibly offering potent thrips attractants best prospects as "pull" elements [45, 63] . This behavioural manipulation method combines repellent/deterrent ("push") and attractive ("pull") stimuli to direct pest movement [64] . This approach to thrips control is addressed in detail below.
Plant defensive compounds
While insects use plant volatiles for finding host plants, aromatic plants produce secondary metabolites as part of their biochemical defence system against these insects [65] . Olfactory repellents are volatile plant chemicals that cause insects to avoid direct contact with the plant, whereas deterrents act after the landing of an insect on a plant surface and inhibit feeding or oviposition on a plant. Discrimination between repellents and deterrents is sometimes difficult because volatilization of compounds may give continued olfactory input after contact and thus may lead to rejection of the treated surface [65, 66] . Beyond such sublethal behavioural effects, many plant essential oils have been known for a long time for their toxicity to insects [3, 67] .
Volatile thrips repellents
Although there is some evidence for defensive plant volatiles in resistant cultivars of, for instance, cucumber and chrysanthemum [68] [69] [70] , only few volatile compounds have been identified as olfactory repellents to thrips. Harrewijn et al. [61] suggested linalool, eugenol, caryophyllene and 1,8-cineole to be the active compounds that repel some thrips species from basil (Ocimum basilicum L.). They proved to be right when linalool as a pure compound in olfactometer experiments and as a constituent of Origanum majorana L. essential oil in field trapping trials elicited negative responses of T. tabaci. In this context it should be noted that in some cases the bioactivity of an essential oil can be attributed to single components or fractions [for example , 14,71] . Eugenol, a constituent of Ocimum gratissimum L. essential oil, also repelled this thrips species in the field [45] , but not in the olfactometer [72] . Two more plant volatiles showed clear repellency to T. tabaci in olfactometer bioassays: rosemary oil [73] and the monoterpene carvacrol [74] , both solely at a relatively high, 10% concentration. With F. occidentalis only two compounds that repel are currently known, and they have been evaluated only in olfactometer experiments. This thrips species responded negatively to methyl salicylate, a volatile phenylpropanoid compound of meadowsweet [24] and to another salicylic acid-derived compound, salicylaldehyde [21] .
Antifeedants and oviposition deterring compounds
Researching deterrent compounds -no matter whether naturally occurring in or applied to a plantacting upon contact of thrips with the plant requires bioassays that evaluate sustained settling, feeding and oviposition on leaf discs, excised leaves or whole potted plants. Some naturally occurring deterrents are involved in resistance of crop plant to thrips; for example, the glycoalkaloid α-tomatine deters feeding of T. palmi on tomato [75] .
Recently, deterrent properties of essential oils and/or their main compounds applied to different crop plants have been evaluated in leaf disc bioassays with T. tabaci and F. occidentalis. Using an image analysis system and a microscope the area of feeding damage and the number of eggs deposited on leaf discs are assessed in these bioassays and serve as measurement for feeding activity and reproductive success of the thrips affected by the respective treatment [71] [72] [73] [74] [76] [77] [78] . Table 2 gives an overview of essential oils and/or pure compounds proven to deter females of either thrips species from feeding and/or egg-laying.
Integrating repellents and deterrents in thrips control strategies
The use of naturally occurring plant defensive compounds in the protection of crop plants from pest infestation is an intuitively appealing idea. Repellent plant essential oils applied on plants in the field in a way similar to an insecticide treatment could prevent thrips pests from locating or contacting valuable crops. Spraying treatments with antifeedants and/or oviposition deterrents may reduce qualitative and quantitative yield losses, not only because thrips adults do not feed on the treated plants, but because numbers of larvae on treated plants remain low. Thrips larvae usually cause more damage than adults because of their greater abundance and commitment to feeding [79] . Although some commercial products based on repellent odours have been developed recently [for example, 3,67,80], owing to the high volatility of some plant essential oils, their application in greenhouses and open fields may not control thrips pests satisfyingly. This, of course, is also a matter of formulation.
Unilateral deployment of repellents or deterrents may fail, because pest insects can be expected to quickly adapt by accepting even negative stimuli when deprived of acceptable hosts. However, an application of repellents/deterrents to host plants close to attractive plants could elicit pest movement until the pest encounters the attractive (trap) plants [81] . Innovative push-pull behavioural manipulation approaches aim at "pushing" the pest away from the valuable main crop by simultaneously attracting, i.e. "pulling" it onto a sacrificial or trap crop. Thereby visual, olfactory and/or chemoreceptory stimuli can be used for behavioural manipulation. On the trap crop the pest population can be controlled by either a biological control agent or a selective botanical, which is preferred to a synthetic insecticide, thus minimising both the amount of control agents and labour costs [64, 81] . With thrips, two studies attempted to integrate olfactory attractants and repellents in push-pull strategies. Volatiles of the non-host plant rosemary (Rosmarinus officinalis L.) applied to the main crop, pot chrysanthemums, in the greenhouse "pushed" F. occidentalis towards the sacrificial "pull" chrysanthemums, which were additionally baited by spraying them with a field-stable formulation of the thrips attractant (E)-β-farnesene [63] . Another trap plant considered to efficiently lure F. occidentalis away from profitable ornamental crops is Verbena × hybrida [23, 39] . In field experiments a push-pull situation was created successfully using sticky plates sprayed with marjoram (O. majorana) essential oil as an olfactory repellent to T. tabaci and plates treated with the thrips attractant ethyl isonicotinate [45] . However, push-pull strategies are considered to have most potential in high-value horticultural production in enclosed environments [64] .
Plant essential oils as botanical insecticides
Botanicals based on essential oils usually have a broad spectrum of biological activity against pests because they are composed of several compounds, i.e. active ingredients that possess different modes of action. Beyond non-toxic mechanisms such as repellency, antifeedant properties, ovipositioninhibiting and/or growth-and development inhibiting-potential [for example, 33, 67] , recent studies suggest that some essential oils have a neurotoxic mode of action on insects [for example, [82] [83] [84] [85] . It should be noted that such combinations of concurrent modes of action of single compounds might reduce the likeliness of pest populations developing resistance to botanicals. Against thrips, botanicals can be applied in two different ways: as spraying treatment of crop plants similar to an insecticide treatment or for fumigation of crops in greenhouses or fumigation chambers.
Insecticidal spraying treatment
The acute contact toxicity of either plant essential oils or plant extracts to thrips pests has been evaluated in laboratory bioassays and/or in greenhouse or field spraying trials, procedures similar to those used for testing synthetic insecticides. Aromatic plants within various botanical families were selected for testing, and some of them showed insecticidal properties even when used as crude extracts from dried plant powders. Mixtures of extracts of chilli pepper (Capsicum annum L.) with neem (Azadirachta indica L.), orange (Citrus sinensis L.) peel with African curry (O. gratissimum) leaf or orange peel with Gmelina arborea L. achieved good control of the bean flower thrips, Megalurothrips sjostedti Trybom, in African cowpea fields [85] . Most other studies used essential oils either diluted in water or formulated in products. In confirmation of results of laboratory bioassays, spraying treatments with essential oils from Artemisia herba-alba (Asso) or A. monosperma (Delile) (Compositae) reduced a T. tabaci infestation in greenhouse cucumber by about 80% [86] . A botanical based on an essential oil of Chenopodium ambrosioides variety nr. ambrosioides L. (Chenopodiaceae) caused 95.7% mortality of F. occidentalis adults and third and fourth stage instars after topical application in laboratory bioassays. Being even more effective than either commercially available insecticidal soap or neem oil, its insecticidal properties were confirmed on lima bean in the greenhouse [88] . However, subsequent greenhouse experiments proved another C. ambrosioides-based product to be less effective against F. occidentalis adults on Gerbera jamesonii Bolus ex Hooker f. compared with the standard insecticides currently used in practice. The reasons for variable success rates of essential oil products in providing thrips control are diverse: volatility, short residual properties, lower initial toxicity of the essential oil, formulation of the product [89] and/or variability of essential oil chemotypes. In this respect it should be noted that plant surface properties of the crop are one possible influence on the effectiveness of botanicals based on plant essential oils that deserves increased attention in future studies. Presumably, also due to these factors, the residual toxicity of essential oil compounds proved to be rather low. With the one exception of marjoram (O. majorana) essential oil and its main constituent, the monoterpene terpinen-4-ol, which slightly reduced T. tabaci adult survival on a treated leek surface, several labiate essential oils tested as serial dilutions in water showed no toxic effects in residual bioassays [71] . Finally, although particularly terpenes are known to affect the fertility and the developmental process in some insect pest species [90, 91] , possible chronic effects of plant compounds on the reproductive fitness of thrips females or on the duration of developmental stages following treatment at sublethal doses have not yet been researched.
Fumigation
Highly volatile essential oils have been demonstrated to show potential as efficient and environmentally safe alternatives to conventional synthetic fumigants against stored product pests [for example, [92] [93] [94] . Thus, an application of toxic vapours in enclosed spaces such as fumigation chambers for quarantine treatments or greenhouses against thrips that live and feed hidden in plant parts has been considered. Up to now the fumigant toxicity of essential oil compounds has only been tested in the laboratory and mainly against the two greenhouse pests F. occidentalis and T. palmi. Both species are also important quarantine pests, particularly in the export of cut flowers [7, 95] . Kostyukovsky et al. [96] screened a large number of essential oils and pure components against F. occidentalis. While an oil mixture of different Labiate species caused 67% mortality, the vapours of either 1,8-cineole or safrole, both at a concentration of 20 mg/litre air and an exposure time of 4 h, resulted in 100% and 94% adult mortality, respectively. Thus the latter two compounds proved to be as toxic as the synthetic fumigant methyl bromide, which is, in spite of environmental concerns, still used for fumigation of thripsinfested commodities [4] . Similarly, vapours of pennyroyal (Mentha pulegium L.) and spearmint (Mentha spicata L.) essential oils, as well as their volatile constituents, carvone and pulegone, all at 1.0 mL/45 mL air (equivalent to 22.2 mg/L air) killed 100% F. occidentalis adults [97] . To T. palmi adults pennyroyal oil at a low concentration of 2.63 mg/L air was found to be even more toxic than several commonly used conventional insecticides. [98] . Thrips larvae seem to be less susceptible to toxic vapours than adults: Volatiles such as the monoterpenoids anethole, γ-terpinene and thymol all at 13.6 mg/L air caused not more than 50% mortality of F. occidentalis larvae after an exposure period of 96 hours [99] . However, in combination with increased carbon dioxide and decreased oxygen levels the fumigant toxicity of the essential oil compound p-cymene against western flower thrips adults and larvae could be increased to toxicity levels similar to those of standard chemical fumigants [95, 100] . This effect was also found with limonene and a Cypressus spp. essential oil [100] .
Further research
A final evaluation of the practical applicability of plant essential oils in thrips pest control cannot be made without further research on a number of aspects. One of these research needs became obvious when a chemokinetic response, i.e. flight inhibition and reduced take-off of thrips in the presence of attractive volatile odours was observed in wind tunnel experiments [17, 30, 51] . Thrips flight behaviours are presumably influenced by a combination of visual, olfactory and intrinsic factors and behavioural observations will be needed to provide a better understanding of their effects and/or interactions. Similarly, applying essential oil compounds to crop plants calls for direct observation of post-landing responses of thrips upon contact with the compounds. Having identified several potent feeding and/or oviposition deterrents exclusively in end point bioassays, behavioural observations elucidate their influence on behavioural patterns of thrips. The precondition for the development of a successful behavioural manipulation strategy is a thorough understanding of the behaviour and the ecology of the pest [101] . For instance, while compounds that incite thrips to increased activity on a treated plant may increase the uptake of contact insecticides or spores of fungal insect pathogens, compounds that stimulate thrips to settle, i.e. to stay inactive on a treated plant surface, may possibly enhance the predation or parasitisation rate of beneficial arthropods. Only with this knowledge can compounds be deployed in an optimal manner. This leads to a question with high potential impact on a future utilisation of essential oils in thrips control strategies: Their effects on arthropod predators and parasitoids that are used for biological control. Rosemary volatiles not only repelled F. occidentalis, but also the predatory bug Orius laevigatus Fieber. While this combination cannot be used, for instance, in a push-pull strategy [63] , carvacrol attracted O. laevigatus [102] and proved to have no lethal or sub-lethal effects on its reproduction [103] , but deterred F. occidentalis from feeding [77] . Effects of essential oil compounds on other pest species commonly occurring in the crop protected by their application have to be investigated. Compounds that deter one species can be attractive to another one [104] .
Further research and development has to establish standardised procedures for laboratory, glasshouse and field experiments to enable meaningful comparisons of the effectiveness of different essential oils on thrips. Appropriate formulations coping with phytotoxicity and volatility of plant essential oils have to be developed, for instance odour dispensers that ensure long-term odour release at a specific and constant concentration, as well as formulations that improve the efficacy and persistence of non-volatile compounds.
Future prospects
The prospects of utilising plant essential oils for control of Thysanopteran as well as other pests are promising, and the advantages are quite obvious: Toxicological data are available from their extensive use as fragrances and food flavourings. They are relatively non-toxic and generally regarded as environmentally safe [104] . Provided that all possible side effects on arthropod predators and parasitoids, pollinators and other pest species have been clarified, plant compounds apparently are interesting synergists for various biological or chemical control measures in conventional, integrated or organic farming systems. However, their utilisation is considered to have special potential in organic food production and generally in high-value crops [64, 104] . It must be taken into account, though, that high registration costs of plant compounds as pest control agents [105] might create an obstacle for successful commercialisation in such relatively small and specialised markets.
From the perspective of today's knowledge it is safe to say that, while plant essential oils may not be sufficiently effective as stand-alone crop protective agents, their proven potential for control of Thysanopteran pests should be fully exploited in management strategies that include combined approaches. Still, while the possibilities of deploying plant compounds seem almost limitless, putting them to practical use will demand a sound measure of targeted innovative thinking. Success will ultimately depend on science-based creativity in developing innovative deployment strategies [3, 81] . It is obvious that the most useful scientific contributions to this process will not be more screening projects to widen the range of known bioactivities of plant essential oils even further. Rather, progress will be hastened by an in-depth analysis of the properties, effects, possible side-effects and interactions of the known compounds and, starting from there, the development of model strategies for a future practical use. In the absence of such model strategies, further screening studies will always highlight selected spots, but fail to provide us with the big picture.
